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DESCRIPTION 

PRESS- FORMING DEVICE, PRESS- FORM ING METHOD, COMPUTER 
PROGRAM PRODUCT AND STORAGE MEDIUM 

Technical Field 

[0001] The present invention relates to a press- 
forming device, a press-forming method, a computer 
program and a storage medium, and in particular, 
relates to a suitable technology to be used for a 
favorable processing irrespective of characteristic 
deviation of various metal materials such as iron 
series, nonferrous series, stacked materials and the 
like, or environmental fluctuations during processing. 

Background Art 

[0002] Conventionally, when performing deep-drawing, 
bending, cutting, or the like to a metal material, 
using a press-forming device, it is usual to carry 
out actual production after determining appropriate 
forming conditions, namely, processing conditions 
such as the shape of metal molds, lubricating 
conditions, forming speed, blank holding force, the 
temperature of metal molds and work, and so on for 
every metal material in advance by trial production 
through experience, or through experiment, or by 
simulation or the like using a finite-element method. 
[0003] Whereas, various metal materials being a raw 
material are plates, pipes, bars, wires, powder or 
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grains, and the like obtained through multiple 
processes of melt ing- smelt ing- ca sting- roll in g- he at 
treatment-secondary processing and so on from raw 
material or scraps, and there inevitably exists some 
extent of deviation in mechanical properties in a 
product due to fluctuation of chemical components, or 
fluctuation of processing conditions such as uneven 
temperatures . 

[0004] Accordingly, even when appropriate forming 
conditions are determined in advance as described 
above, occurrence of forming defect may arise due to 
differences in formability according to material 
positions or production lot numbers. In order to 
avoid this defect, execution of quality control 
during material production process is performed more 
severely, but excess severity may lead to material 
cost increase, and is not r ecommendable . 

[0005] Moreover, even when the mechanical 
characteristics of raw material are identical, 
occurrence of forming defect may arise due to 
environmental fluctuation during processing such as 
temperature change of metal mold caused by continuous 
operation, abrasion of metal mold, fluctuation of 
atmospheric temperature or humidity. 

[0006] As a count ermeasure against these 
disadvantages, various inventions for a press-forming 
method to control processing conditions according to 
metal material or conditions of a metal mold have 
been disclosed. For instance, in Patent Document 1, 
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disclosed is a device to control air pressure in an 
air cylinder to carry out press-forming under an 
appropriate blank holding force by determining in 
advance a relation between a physical quantity such 
as a shape of press material and its mechanical 
property, chemical property, a laminate layer 
property of plating or the like, and surface 
conditions such as oil quantity or the like; and an 
appropriate blank holding force from which prescribed 
press quality is obtained; and by determining the 
appropriate blank holding force according to actual 
physical quantity from the above-described relation. 
[0007] Patent Documents 2 and 3 disclose a device 
which adjusts press conditions based on machine 
information and metal mold information peculiar to a 
press machine. 

[0008] Patent Documents 4, 5, and 6 disclose 
various methods to adjust to prescribed bending 
angles in a bending process using a press brake. 

[0009] The inventions disclosed in Patent Documents 
1 to 3 and the like are aimed at controlling blank 
holding force based on material characteristics, 
information peculiar to a machine, and metal mold 
information. However, since lubrication 
characteristics, especially with metal molds, vary 
from moment to moment by the synergistic effect of 
the fluctuation of material characteristics and the 
fluctuation of machine and mold conditions, it is 
very difficult to estimate it in advance. 
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[0010] The inventions disclosed in Patent Documents 
4 to 6 are aimed at adjusting the processing 
conditions according to the state of deformation 
during processing of the work in a bending process, 
but it is difficult to measure complicated three- 
dimensional shape on the spot in drawing or cutting. 
Further, since material is cramped with a metal mold 
during drawing or cutting, there have been very 
difficult problems in measuring the material shape 
precisely . 

[0011] The present invention has been made in view 
of the above-described problems, and the object of 
the invention is to find a method to perform 
satisfactory press-forming while compensating 
deviation of various material characteristics and 
environmental fluctuation during processing. 
[0012] 

Patent Document 1: Japanese Patent Application 
Laid-open No. Hei 7-266100 

Patent Document 2: Japanese Patent Application 
Laid-open No. Hei 5-285700 

Patent Document 3: Japanese Patent Application 
Laid-open No. Hei 6-246499 

Patent Document 4: Japanese Patent Application 
Laid-open No. Hei 7-265957 

Patent Document 5: Japanese Patent Application 
Laid-open No. Hei 10-128451 

Patent Document 6: Japanese Patent Application 
Laid-open No. Hei 8-300048 
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Summary of the Invention 



[0013] 



The press- forming device and the method of 



the present invention are to obtain a satisfactory 
press molding product by grasping and computation 
controlling at least two or more means out of a 
material characteristic input means, a material 
characteristic measurement means, or a state variable 
detector for the fluctuation of material 
characteristics or lubrication characteristics 
between a metal mold and a work, which are 
conventionally difficult to estimate. 
[0014] The press-forming device of the present 
invention is a pr e s s - forming device having a punch, 
die and blank holder, and press-forming a material 
according to a prescribed forming condition, 
including : 

at least two or more means of 

a material characteristic input means inputting 
at least one material characteristic out of material 
characteristics of sheet thickness, yield strength, 
0.2% proof stress, tensile strength, elongation, n 
value, r value, stress-strain relation equation, 
hardness, temperature, surface roughness, friction 
coefficient, or lubricant film thickness, of the 
material ; 

a material characteristic measurement means 
measuring at least one material characteristic out of 
material characteristics of sheet thickness, yield 
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strength, 0.2% proof stress, tensile strength, 
elongation, n value, r value, stress-strain relation 
equation, hardness, temperature, surface roughness, 
friction coefficient, and lubricant film thickness, 
of the material before forming; or 

a state variable detector measuring at least one 
state variable out of the state variables of punch 
reaction, metal mold temperature, metal mold 
distortion amount, work piece deformation amount, or 
work piece temperature during forming the material; 

and further comprising: 

a processing condition computer computing at 
least one processing condition out of the processing 
conditions of forming speed, blank holding force or 
metal mold temperature from at least two or more 
pieces of information out of material characteristics 
inputted by the material characteristic input means, 
material characteristics measured by a material 
characteristic measurement means or a material state 
variable during forming measured by the state 
variable detector; and 

a processing condition controller controlling at 
least one processing condition out of the process 
conditions including punch or die movement speed, 
metal mold temperature or blank holding force based 
on the processing condition computed by the 
processing condition computer. 

[0015] Another characteristic of the press-forming 
device of the present invention is that the material 
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characteristic input means includes any one of or a 
combination of a manual input device, a bar code 
reader, an IC tag reader, a flexible disc or a 
photomagnet ic disc reader. 

[0016] A press-forming method of the present 
invention is a press-forming method using a press- 
forming device having a punch, die and blank holder, 
and press- forming a material according to a 
prescribed forming condition, including the steps of: 
at least two or more of 

inputting at least one material characteristic 
out of the material characteristics of sheet 
thickness, yield strength, 0.2% proof stress, tensile 
strength, elongation, n value, r value, stress-strain 
relation equation, hardness, temperature, surface 
roughness, friction coefficient, or lubricant film 
thickness of the material; 

measuring at least one material characteristic 
out of the material characteristics of sheet 
thickness before forming, yield strength, 0.2% proof 
stress, tensile strength, elongation, n value, r 
value, stress-strain relation equation, hardness, 
temperature, surface roughness, friction coefficient, 
or lubricant film thickness of the material before 
forming; or 

measuring at least one state variable out of the 
state variables of punch reaction, metal mold 
temperature, metal mold distortion amount, work piece 
deformation amount, or work piece temperature, during 



forming the material; 

and further comprising the steps of:. 

computing at least one processing condition out 
of the processing conditions of forming speed, blank 
holding force or metal mold temperature from at least 
two or more pieces of information out of material 
characteristics inputted by the material 
characteristic input step, material characteristics 
measured by a material characteristic measurement 
step or a material state variable during forming 
measured by the state variable detection step; and 

controlling at least one control condition out of 
the processing conditions including punch or die 
movement speed, metal mold temperature or blank 
holding force based on the processing condition 
computed by the processing condition computation step 

Another characteristic of the pres s - forming 
method of the present invention is to take in the 
punch reaction maximum value during forming into a 
computer for every prescribed number of times in the 
processing condition control process to calculate the 
moving average value of the punch reaction maximum 
value, and when the calculated punch reaction maximum 
value deviates from the prescribed value, control to 
change the blank holding force is performed. 

Still another press-forming method of the present 
invention is a press-forming method using a press- 
forming device having a punch, die and blank holder, 
and press- forming a material according to a 



prescribed forming condition, including the steps of: 

measuring at least one or more state variables 
out of the state variables of punch reaction, metal 
mold temperature, metal mold distortion amount, work 
piece deformation amount or work piece temperature, 
for every forming of material; 

computing at least one processing condition out 
of one kind or two or more kinds of processing 
conditions of forming speed, blank holding force, or 
metal mold temperature according to comparison result 
with the past state variables; 

controlling at least one or more processing 
conditions out of the processing conditions including 
a punch or die movement speed, metal mold temperature, 
or blank holding force based on the processing 
conditions computed by the processing condition 
computation step. 

Still another characteristic of the press-forming 
method of the present invention further including the 
steps of: 

inputting at least one material characteristic 
out of the material characteristics of sheet 
thickness, yield strength, 0.2% proof stress, tensile 
strength, elongation, n value, r value, stress-strain 
relation equation, hardness, temperature, surface 
roughness, friction coefficient, or lubricant film 
thickness, of the material, 

in which the processing condition computation 
step computes at least one processing condition out 
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of the processing conditions of forming speed, blank 
holding force, or metal mold temperature from 
material characteristics inputted in the material 
characteristic input process and a material state 
variable for every forming processing measured by the 
state variable detection step. 

Yet another characteristic of the pr e s s - f orming 
method of the present invention is that the 
comparison result with the past state variables is 
the result of comparing the difference between the 
past state variable and that of the present value, 
and the moving average value and the prescribed value 
within a prescribed time period or a prescribed 
number of times. 

[0017] A computer program product of the present 
invention is a computer program product to be used in 
a computer for a p r e s s - f o rmi ng method using a press- 
forming device having a punch, die and blank holder, 
and press-forming a material according to a 
prescribed forming condition, including:, 
at least two or more steps of 

a material characteristic input process to input 
at least one material characteristic among the 
following characteristics: material sheet thickness, 
yield strength, 0.2% proof stress, tensile strength, 
elongation, n value, r value, stress-strain relation 
equation, hardness, temperature, surface roughness, 
friction coefficient, and lubricant film thickness; 

a material characteristic measurement process to 
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measure at least one material characteristic among 
the following characteristics: material sheet 
thickness before forming, yield strength, 0.2% proof 
stress, tensile strength, elongation, n value, r 
value, stress-strain relation equation, hardness, 
temperature, surface roughness, friction coefficient, 
and lubricant film thickness, or 

a state variable detection process to measure at 
least one state variable among the following state 
variables: punch reaction, metal mold temperature, 
metal mold distortion amount, work piece deformation 
amount, and work piece temperature during forming the 
material , 

and the steps to be executed in a computer, 
comprising : 

computing at least one processing condition out 
of the processing condition of forming speed, blank 
holding force and metal mold temperature from at 
least two or more pieces of information out of 
material characteristics inputted by the material 
characteristic input step, material characteristics 
measured by the material characteristic measurement 
step or material state variable during forming 
process measured by the state variable detection step, 
and controlling at least one processing condition out 
of the processing conditions including punch or die 
movement speed, metal mold temperature or blank 
holding force based on the processing condition 
computed by the processing condition computation step. 
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[0018] A storage medium of the present invention is 
a computer readable recording medium on which a 
program product is recorded, the program product for 
a press-forming method using a punch, die and blank 
holder, and press-forming a material according to a 
prescribed forming condition, including: 
at least two or more steps of 

inputting at least one material characteristic 
out of the material characteristics of sheet 
thickness, yield strength, 0.2% proof stress, tensile 
strength, elongation, n value, r value, stress-strain 
relation equation, hardness, temperature, surface 
roughness, friction coefficient, or lubricant film 
thickness of the material; 

measuring at least one material characteristic 
out of the sheet thickness, yield strength, 0.2% 
proof stress, tensile strength, elongation, n value, 
r value, stress-strain relation equation, hardness, 
temperature, surface roughness, friction coefficient, 
and lubricant film thickness of the material before 
forming, or 

measuring at least one state variable out of the 
state variables of punch reaction, metal mold 
temperature, metal mold distortion amount, work piece 
deformation amount, and work piece temperature during 
forming the material, 

and the steps to be executed in a computer, 
compr i s ing : 

computing at least one forming condition out of 
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the processing conditions of forming speed, blank 
holding force or metal mold temperature from at least 
two or more pieces of information out of material 
characteristics inputted by said material 
characteristic input process, material 
characteristics measured by said material 
characteristic measurement process or material state 
variable during forming process measured by said 
state variable detection process, and 

controlling at least one processing condition out 
of the processing conditions including punch or die 
movement speed, metal mold temperature and blank 
holding force based on the processing condition 
computed in the processing condition computation step. 

Brief Description of the Drawings 
[0019] 

Fig. 1 is a view showing a diagrammatic structure 
of a press-forming device of an embodiment; 

Fig. 2 is a flow chart showing a procedure of the 
press- forming ; 

Fig. 3 is a view showing an example of an 
influence function matrix relating to material 
characteristics and standard processing conditions; 

Fig. 4 is a view showing an example of an 
influence function matrix relating to state variables 
and corrected processing conditions; 

Fig. 5 is a view showing an example of reference 
values of material characteristics; 
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Fig. 6 is a view showing an example of standard 
processing conditions; 

Fig. 7 is a view showing another example of an 
influence function matrix relating to material 



Fig. 8 is a view showing an example of reference 
values of state variables; 

Fig. 9 is a view showing another example of an 
influence function matrix relating to state variables 
and corrected processing conditions; 

Fig. 10 is a view showing an example to attach an 
IC tag to a cut plate package ; 

Fig. 11 is a view showing an example to attach an 
IC tag to a material coil ; 

Fig. 12 is a view showing an example to attach a 
bar code to a cut plate material; and 

Fig. 13 is a characteristic figure showing a 
relation between punch reaction and blank holding 
force . 

Detailed Description of the Preferred Embodiments 
[0020] -First Embodiment- 

Hereinafter, preferable embodiments of a press- 
forming device, a pr e s s - f orming method, a computer 
program, and a storage medium of the present 
invention will be explained referring to the drawings. 
Fig. 1 shows a diagrammatic structure of a press- 
forming device of an embodiment to which the present 
invention is applied. 




and standard processing conditions; 
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[0021] More concretely, in a press-forming device 5, 
"1" denotes a punch, "2" denotes a die, "3" denotes a 
blank holder, and "6" denotes a metal mold device. 
"7" denotes a state variable sensor (load cell), and 
other than these, there is provided a state variable 
sensor (a thermocouple). "10" denotes an air 
cylinder, "11" denotes a hydraulic cylinder, and "12" 
denotes a heater. 

[0022] "15" denotes a material characteristic 
reader which includes a material characteristic 
reader (IC tag reader) 9 and a material 
characteristic reader (controller) 14. 

[0023] "13" denotes a hydraulic controller. "1.6" 
denotes a state variable detection device. "17" 
denotes a blank holding force controller. 

[0024] "22" denotes a control computer, which 
includes a standard material characteristic storage 
device 18, a reference state variable storage device 
19, a standard processing condition storage device 20, 
and an arithmetic unit 21. The control computer 22 
of the present embodiment is composed of a computer 
system including a CPU, a RAM and a ROM, and a 
processing condition controller, a material 
characteristic input means, a state variable detector, 
a processing condition computer, a material 
characteristic measurement means, and the like of the 
present embodiment are programmed by the computer 
system . 

[0025] A procedure of a press-forming method of the 
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present embodiment will be explained next referring 
to Fig. 2. A metal material is read by the above- 
described material characteristic reader 15 from an 
IC tag (refer to Figs. 10 and 11) or a bar code 

(refer to Fig. 12) pasted on the surface of the metal 
material at a stage of being set to the press-forming 
device 5. The material characteristic information 
thus read is inputted by the material characteristic 
input means (Step S201). Here, the material 
characteristic is one kind or a combination of two or 
more kinds of the following characteristics: sheet 
thickness, yield strength, 0.2% proof stress, tensile 
strength, elongation, n value, r value, coefficient 
of stress-strain relation equation, table showing 
each point value approximated to the stress-strain 
relation with a line graph, hardness, temperature, 
surface roughness, friction coefficient, and 
lubricant film thickness and so on for every material. 

[0026] As a means to input material characteristics, 
the material characteristics are directly read here 
for every material from a bar code or an IC tag. 
When the amount of data is great, it is also 
adoptable to read an ID (identification) number from 
a bar code or an IC tag and receive the real valued 
data corresponding to the identification number from 
a server via a network or to input directly from a 
mill sheet, a flexible - disc or the like attached from 
a material manufacturer for every coil material into 
the material characteristic input device. 
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[0027] In general, when performing press processing, 
since the material is cut in an appropriate size from, 
for instance, a coiled material before the material 
is set in a press machine, and heat treatment or 
surface treatment is given in some cases, it is often 
difficult to obtain the above-described material 
characteristic in advance. 

[0028] For this problem, it is possible to obtain 
further precise material characteristic information 
by directly measuring one kind or combination of two 
or more kinds among the above-described material 
characteristics, or more preferably, from easiness of 
measurement, one kinds or a combination of two kinds 
or more out of sheet thickness, hardness, temperature, 
friction coefficient, and lubricant film thickness, 
before the material is set to a press-forming device 
5 or just at the time of setting. 

[0029] Then, initialization values of processing 
condition are corrected (Steps S202, and S203) based 
on the read material characteristic values and the 
reference material characteristic values to the 
material stored in the reference material 
characteristic storage device 18 in advance. Here, 
the processing condition is one kinds or a 
combination of two or more kinds of forming speed, 
blank holding force, and metal mold temperature. 

[0030] A concrete correction method of a processing 
condition will be shown next. Material 
characteristic values to the respective material 
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characteristics are taken respectively as P(j) (j = 1- 
M; where M is the number of the material 
characteristic values), the reference values for the 
respective material characteristics are taken as PO 
(j) (j = 1-M) . The initialization values to the 
above-described respective standard processing 
conditions are taken respectively as CO(i) (i = 1-L, 
where L is the number of processing condition set 
values) . An influence function matrix which 
indicates the relation between the deviation of the 
material characteristic of a material from its 
reference value and the amount of correction of the 
processing condition is taken as Tl (I, j), and the 
initialization value of the processing condition is 
corrected with the following equation (1). 

CO(i) (after correction) = CO(i) (initialization 
value)x(l+Z ( T 1 ( i j ) x ( P ( j ) / PO ( j ) - 1 ) ) ) (i = 1-L, j = 1- 
M)---(l) 

[0031] The setting value CO(j) of the standard 
processing condition may be a fixed value during 
forming, and when it is changed during forming, for 
instance, a setting value to each punch stroke amount 
may be given. A formation example of the influence 
function matrix Tl is shown in Fig. 3. When the 
sheet thickness is, for instance, thicker than the 
reference value by 1%, the function of Tl corresponds 
to that the forming speed and blank holding force are 
increased by 0.2% and 0.4% respectively, and there is 
no change for the metal mold temperature, using the 
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equation ( 1 ) . 

[0032] Each component of the influence function 
matrix can be determined from the following methods: 
a method to determine from the change (sensibility 
analysis) of the optimum forming condition to the 
change of various material characteristics using a 
forming simulation by a finite element method; a 
method to statistically determine from a relation 
between material characteristic variation and 
processing condition, product quality (cracks, 
creases, spring back, surface distortion, and the 
like) in actual mass production press process; a 
method to input actual measurement value on product 
quality into the press-forming device as instruction 
data and prepare and update using, for instance, a 
learning function by a neural network; or the like. 
Note that formation of material characteristic value 
and processing condition or formulation method is not 
limited to the above, and arbitral setting is also 
adopt able . 

[0033] Then, based on initial processing conditions, 
using the blank holding force controller, a forming 
speed controller, and a metal mold temperature 
controller, a load is applied on the blank holder, an 
upper metal mold is descended and forming is started 
(Step S204). Note that controllers are not limited 
to these, other controlling means, either single or a 
combination of multiple means, any arbitrary form is 
adopt able . 
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[0034] During processing, using the state variable 
detection device 16, at least one state variable out 
of punch reaction, metal mold temperature, metal mold 
distortion amount, work piece deformation amount, 
work piece temperature, and the like is measured, and 
the processing condition is corrected from moment to 
moment by a processing condition computer (Steps S205 
to S208 ) . 

[0035] Concretely, processing conditions are 
corrected from moment to moment according to the 
following equation (2), 

C(i) = CO(i)x(l+Z (T2 (i, k) x (S ( k) /SO ( k) -1 ) ) ) (i = 
1-L, k = 1-N) — (2 ) 

where the state variable is S(k) (k = 1-N; where N is 
the number of the state variable) , reference state 
variable stored in the reference state variable 
storage device is SO(k) (k = 1-N), correction values 
for the respective processing conditions is C(i) (i = 
1-L) , the influence function matrix indicating a 
relation between deviation of measured each state 
variable to its reference value and correction amount 
of the processing condition is T2(i, k) (i = 1-L, k = 
1-N) . 

[0036] A formation example of the influence 
function matrix T2 is shown in Fig. 4. When the 
punch reaction is, for instance, higher than the 
reference value by 1% , the function of the influence 
function matrix T2 corresponds to that, using the 
above-described equation (2), the forming speed and 
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blank holding force are decreased by 1% and 0.5% 
respectively and there is no change for the metal 
mold temperature. It has been known that each 
component of the influence function matrix T2 can be 
determined from a method to determine from the change 
(sensibility analysis) of the optimum forming 
condition to the change of various material 
characteristics using a forming simulation by a 
finite element method, similarly to the above- 
described influence function matrix Tl. 

[0037] Further, there are a method to statistically 
determine from a relation between state variable 
variation and processing condition, product quality 

(crack, creases, spring back, surface distortion, and 
the like) in actual mass production press process, a 
method to input actual measurement value on product 
quality into the pr e s s - f orming device as instruction 
data and prepare and update using, for instance, a 
learning function by a neural network, or the like. 
Note that formation of state variable or formulation 
method is not limited to the above, and arbitral 
setting is also adoptable. 

[0038] Here, a method to correct the forming 
conditions based on three pieces of information on 
the material characteristic inputted in advance, the 
material characteristic measured just before the 
press-forming, and the state variable during forming 
is explained. It is insufficient to correct the 
forming conditions based on only one piece of 
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information out of three pieces of the above- 
described information, therefore it is desirable to 
do so based on at least two or more pieces of 
information to perform highly reliable control. 
[0039] Because it is impossible to avoid influence 
of disturbance which is difficult to predict in 
advance such as a lubrication condition during 
forming or the like with only one piece of 
information of material characteristic inputted in 
advance or material characteristic measured just 
before press- forming . Furthermore, there is a 
problem in that it is impossible to separate 
influence due to material characteristic deviations 
with only the state variable during forming. This is 
because reduction effect of material characteristic 
deviations or product quality deviations caused by 
disturbance during forming cannot be obtained 
satisfactorily. 
[0040] -Embodiment- 

As an embodiment of the present invention, a 
press-forming device shown in Fig. 1 is prepared and 
press-forming is performed using a thin steel plate. 
As for material characteristics, sheet thickness and 
hardness are measured for every blank, and typical 
mechanical properties attached by a material 
manufacturer for every coil are used for yield 
strength or 0.2% proof stress, tensile strength, and 
total elongation and inputted into a material 
characteristic input means for every blank 
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respectively. As a state variable during forming, a 
punch reaction is monitored using a load cell, the 
metal mold temperature is monitored using a 
thermocouple and the forming speed, blank holding 
force are controlled based on the equations (1) and 
(2) . 

[0041] In the above-described procedure, 4 points 
of sheet thickness, yield strength, 0.2% proof stress, 
tensile strength, total elongation, and hardness are 
used as the material characteristic value P(j) (j = 
1-5), two points of forming speed, and blank holding 
force are used as the processing condition C(i) (i = 
1-2), and N points of punch reaction (N-l point) for 
every punch stroke and metal mold temperature are 
used as the state variable S(k) (k = 1-N). 

[0042] As a raw material, a "150 mm" blank stamped 
from the same cold rolling coil for deep drawing 
having an average thickness of 1.2 mm and a width of 
1000 mm is used to perform "50 mm' 7 square cup drawing 
with a forming height of "40 mm". Typical mechanical 
properties and the reference values of the coil are 
shown in Fig . 5 . 

[0043] Standard processing conditions for the 
typical characteristics of this material are shown in 
Fig. 6. Then, based on the actual measurement value 
for the sheet thickness and the typical mechanical 
properties of the coil inputted for every one sheet 
of the blank, initialization of the processing 
conditions are performed using the influence function 
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matrix Tl shown by the equation (1) and in Fig. 7 and 
forming is started. 

[0044] During processing, forming is performed 
without changing the initialization during forming in 
example 1 of the present invention, in other words, 
forming conditions are set based on the material 
characteristics inputted in advance and the material 
characteristics measured before forming, and forming 
is performed without using a state variable during 
forming, and the forming speed and blank holding 
force set to be constant. 

[0045] In example 2 of the present invention, the 
punch reaction and the metal mold temperature are 
measured for every 10 mm stroke until the maximum 
punch stroke (^forming height 40 mm), taking the 
punch reaction and the metal temperature at the time 
of obtaining a good product under the same processing 
conditions by a trial pressing in advance as 
reference values of the state variable shown in Fig. 
8, using the influence function T2 shown in Fig. 9, 
forming speed and blank holding force 

are adjusted with the equation (2). In other words, 
the press conditions are controlled using the 
material characteristics inputted in advance, the 
material characteristics measured before forming, and 
the state variable during forming. 

[0046] In example 3 of the present invention, using 
measured value of only sheet thickness and hardness 
for every one blank sheet, without using material 
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characteristics such as yield strength or 0.2% proof 
stress, tensile strength, and total elongation, the 
punch reaction and the metal mold temperature are 
measured for every 10 mm stroke until the maximum 
punch stroke (^forming height 40 mm) similarly to the 
manner in embodiment 2, taking the punch reaction and 
the metal temperature at the time of obtaining a good 
product under the same processing conditions by a 
trial pressing in advance as reference values of the 
state variable shown in Fig. 8, using the influence 
function T2 shown in Fig. 9, forming speed and blank 
holding force are adjusted with the equation (2). In 
other words, the press conditions are controlled 
using the material characteristics measured before 
forming, and the state variable during forming. 
[0047] In example 4 of the present invention, using 
only material characteristics inputted in advance: 
yield strength or 0.2% proof stress, tensile strength, 
and total elongation, similarly to embodiment 2, the 
punch reaction and the metal mold temperature are 
measured for every 10 mm stroke until the maximum 
punch stroke (^forming height 40 mm), taking the 
punch reaction and the metal temperature at the time 
of obtaining a good product under the same processing 
conditions by a trial pressing in advance as 
reference values of the state variable shown in Fig. 
8, using the influence function T2 shown in Fig. 9, 
forming speed and blank holding force 

are adjusted with the equation (2). In other words, 
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the press conditions are controlled using the 
material characteristics inputted in advance, and the 
state variable during forming. 

[0048] As a comparison example, using forming speed 
and blank holding force without changing processing 
conditions to the reference material characteristics, 
forming is performed without correcting the reference 
processing conditions during forming. 

[0049] The above-described forming experiment is 
carried out by punching total 1000 pieces of blanks 
from the same coil, percent defective due to 
occurrence of cracks and creases are compared, 
sheet thickness standard deviation : 5 |j,m 
percent detective : 

(Example 1 of the present invention) 0.9% 
(Example 2 of the present invention) 0.1% 
(Example 3 of the present invention) 0.5% 
(Example 4 of the present invention) 0.5% 
(Comparative Example) 1.2% 
[0050] The percent defective is reduced by changing 
the initialization of the processing conditions 
according to the deviation of the sheet thickness, 
and the percent defective is further reduced by 
adjusting the processing condition according to punch 
reaction and metal mold temperature during forming. 
[0051] Fig. 10 shows an example of a cut plate 
package 100 supplied from a coil processing center, 
to which an IC tag 101 is attached. Information such 
as "tensile strength", "yield strength or 0.2% proof 
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stress", "total elongation", "sheet thickness", 
"production date" and the like are stored in the IC 
tag 101. The information is read with the material 
characteristic reader (IC tag reader) 9, and is 
transmitted to the computation device 21, thereby 
saving the labor that would otherwise be incurred if 
the data were inputted manually. 

[0052] Fig. 11 shows an example to attach an IC tag 
111 to a material coil 110. Also in the case of this 
example, information such as "tensile strength", 
"yield strength or 0.2% proof stress", "total 
elongation", "sheet thickness", "production date" and 
the like is stored in the IC tag 111. Therefore, it 
becomes possible to save labor to manually input the 
material characteristics when the material coil 110 
is pressed . 

[0053] Fig. 12 shows an example to attach a bar 
code 121 to a cut plate material 120. Information 
showing a product lot number is displayed on the bar 
code 121. By reading the information with a bar code 
reader in the material characteristics reader, 
information relating to the corresponding material 
can be obtained from, for instance, a server computer 
on a network. 

[0054] Next, an example in the case of performing 
pres s - forming is explained with reference to Fig. 13. 
In Fig. 13, punch reactions and blank holding forces 
are expressed. along the vertical axis, and the number 
of forming times is expressed along the horizontal 
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axis. In Fig. 13, a black rhombus denotes a punch 
reaction during one time of forming. 

[0055] In this example, the punch reaction maximum 
value during forming is captured and stored in a 
computer for every one time of forming. Further, the 
moving average of the punch reaction maximum values 
is calculated and an example of controlling to change 
the blank holding force when the punch reaction 
maximum value exceeds a prescribed value (in an 
example in Fig. 13, 500 ton ± 10 ton) is shown. 
[0056] As a result, as shown in Fig. 13, since the 
10 points moving average value exceeds a permissible 
range, forming is carried out under reduced blank 
holding force from fiftieth times. As a result, the 
punch reaction maximum value can be kept within the 
prescribed value, forming, of prescribed number of 
sheets can be achieved without occurrence of a 
defective piece. 

[0057] It should be noted that in the above 
explanation, an example in which the punch reaction 
maximum value during processing is taken in a 
computer for every one time of forming is shown, but 
it may be. taken in for every prescribed time. 
Furthermore, in an example in Fig. 13, an example in 
which the blank holding force is reduced from the 
fiftieth times because the 10 point moving average 
exceeds a permissible range is shown, however, on the 
contrary, the blank holding force may be increased 
when the moving average value falls short of the 
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permissible range. 

[0058] In the above explanation, the blank holding 
force is adjusted using the history of the punch 
reaction maximum values. However, the present 
invention is not limited to this, and it is also 
adoptable to adjust other processing condition, for 
instance, the forming speed or the like using a 
history of other state variables for instance, the 
metal mold temperature, the metal mold distortion 
amount, or the like. 

[0059] -Other Embodiments- 

As explained above, the control computer 22 
includes a computer CPU or MPU, RAM, ROM, RAM, and 
the like, and a press-forming method of the present 
embodiment is realized by operating a program stored 
in the above-described RAM, ROM, or the like. 

[0060] Accordingly, the program itself realizes the 
function of the above-described embodiment, which 
constitutes the present invention. As a program 
transmission medium, a communication medium (wire 
circuit such as optical fiber or wireless circuit or 
the like) in a computer net work system (LAN, WAN 
such as internet, wireless communication network or 
the like) to propagate and supply program information 
as a carrier wave can be used. 

[0061] Further, a means supplying the above- 
described program to a computer, for instance, a 
storage medium storing such a program composes the 
present invention. As such a storage medium, for 
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instance, a flexible disc, hard disc, optical disc, 
magneto-optic disc, CD-ROM, magnetic tape, 

nonvolatile memory card, ROM, or the like can be used. 
[0062] The present embodiments are to be considered 
in all respects as illustrative and no restrictive, 
and all changes which come within the meaning and 
range of equivalency of the claims are therefore 
intended to be embraced therein. The invention may 
be embodied in other specific forms without departing 
from the spirit or essential characteristics thereof. 
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[0063] According to the present invention, it is 
possible to obtain appropriate processing conditions 
avoiding an influence due to unpredictable deviation 
factors such as variation in material characteristics, 
environmental change, lubricity between a metal mold 
and work, surface property, and the like, and it is 
possible to always obtain a favorable product. 
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